Monozygous twins can be produced in all farm animal species by microsurgical bisection of embryos and techniques for cloning from embryonic cells are rapidly being developed. There is a need to devise strategies to utilise these clones to best advantage in genetic programmes.
INTRODUCTION
Reproductive biotechnology provides means whereby reproductive performance may be modified at a number of points. Puberty may be induced in prepubertal animals to increase the efficiency of the breeding herd or flock; oestrus may be synchronised in a group of animals to permit easier and more effective use of artificial insemination and to provide recipients for embryos from genetically superior donors; superior animals may be stimulated to carry multiple pregnancies or to provide embryos for transfer immediately or after cryopreservation. At the other end of the reproductive cycle, parturition may be induced to permit improved obstetric surveillance and easier management, and in some species, postparturient or lactation anoestrus may be shortened to reduce the parturition-oestrus interval or the weaningoestrus interval. Again, in species which are seasonal breeders, out of season breeding may be induced. A more recent addition to this array of techniques is the sexing of embryos; also there are prospects of sexing sperm and cloning from embryonic cells.
Other technologies which have been demonstrated in the mouse will continue to taunt the livestock physiologist and some of them may eventually be applicable in farm species.
The skilful application of these technologies has an immediate effect on contemporary animal production efficiency and a permanent effect on future generations through alteration of selection differentials and generation length. A number of these technologies is reviewed in this paper; others are reviewed in separate contributions to this publication.
CONTROL OF THE TIME OF OESTRUS
Control of the time of oestrus has been achieved in most farm animals, including cattle, sheep, goats and pigs. It allows more efficient use of artificial insemination through the concentration of technical expertise, more cost-effective use of housing in intensive husbandry systems and has become an integral part of embryo transfer programmes.
Cyclic sheep, cattle and goats
The technology involved in control of oestrus developed from the observation that the ovarian cycle of the cow (21) and of the ewe (28) may be suppressed by the daily injection of progesterone. An equally relevant observation was that progesterone has an important role in priming the ewe to respond to oestrogen by the expression of overt oestrus (89) . In the cow, the position is similar but apparently more complex (19) . Progesterone injections have been used to control oestrus for insemination programmes in sheep (91) and cattle (111) and, with pregnant mare serum gonadotrophin (PMSG), to induce oestrus in anoestrous ewes (90) . Following the identification of orally active progestagens (82) , 6alpha-methyl-17alpha-acetoxyprogesterone (MAP) and 6-chloro-6-dehydro-17alpha-acetoxyprogesterone (CAP) were used to control oestrus in cattle and sheep. Neither injection nor feeding resulted consistently in fertile oestrus (47, 51). The identification of more potent progestagens with the appropriate profile of activity (100) enabled intravaginal administration of progestagens in sheep (92) and cattle (18) . Devices designed to administer progestagens by this route include polyurethane sponges (92) , silastic coils-progesterone intravaginal devices (PRIDs) (60) and controlled intravaginal drug releasing devices (CIDRs) (119) . Administration of progestagen has also been simplified by the use of subcutaneous implants (130) . Synchrony may be improved by a small dose of PMSG at or within 48 h of the termination of progestagen treatment. Despite the greater practicability of these methods, fertility subsequent to artificial insemination is frequently subnormal due, at least in sheep, to abnormal sperm transport (85) . In this species, the problem is overcome by intrauterine insemination (112) now accomplished by laparoscopy (45). A degree of synchronisation may also be obtained by utilising the "ram effect" (23) . In Australia, artificial insemination programmes, utilising these techniques to make the best use of semen from superior sires, are quite common for Merino studs. Techniques for the control of oestrus and the induction of out of season oestrus are also used quite widely in some European countries.
In cattle, most of the earlier work had involved a progestagen treatment period of about 18 days. In later experiments, in which a luteolysin in the form of oestrogen or prostaglandin F-2a (PGF-2a) (or analogue) was incorporated, the duration of progestagen treatment was restricted to 9-14 days with subsequent improvement in fertility at the controlled oestrus (61, 107, 129) . Nevertheless, fertility is quite variable and often unacceptably low (68) . This is most apparent with animals in which progestagen treatment is started late in the oestrous cycle (6) . Thus, it appears that a prolonged period of progestagen dominance is detrimental to fertility at the subsequent oestrus. The mechanism of the reduced fertility is unclear.
Most of the acceptable results with synchronisation of oestrus in cattle have been obtained with Bos taurus, whereas the outcome has frequently been poor with Bos indicus (33). The reasons for this species difference are not apparent but may be related to quantitative differences in the reproductive physiology and endocrinology of the two species. Nevertheless, there have been reports of acceptable results with Bos indicus obtained even with fixed-time insemination (73) .
In goats, oestrus may be synchronised by the use of progestagens (69) administered in a manner similar to that used for sheep. Analogues of PGF-2a have been used on their own to control the time of oestrus in cyclic cows, sheep and goats (40). It is generally agreed that the results of this treatment are less consistent than those obtained with progestagens, probably because it is mandatory that a functional corpus luteum (CL) be present at the time of treatment with PGF-2cv.
Anoestrous sheep and cattle
Most breeds of sheep and goats are influenced by photoperiod to be autumn breeders, a characteristic that is accentuated in environments of great photoperiodic variation. There is economic advantage in inducing early breeding in meat-producing sheep so that the product is available at a time of high price. Aso breeders of woolproducing sheep (e.g. Merino) in some environments prefer to join ewes in Spring or Summer to fit better the available nutrients with the requirements of the flock. Progestagen/PMSG regimes are successful when aimed at breeding several weeks before the onset of the natural breeding season rather than in the depth of anoestrus. A treatment commonly used is 9-12 days of progestagen treatment and PMSG at the time of progestagen withdrawal.
There is now clear evidence that melatonin secreted by the pineal gland is a mediator of the effects of photoperiod and feeding regimes have been devised for inducing early oestrus in ewes (4, 44) . Implants of melatonin, when applied several weeks before the onset of the breeding season, have proved effective in advancing the onset of the breeding season and inducing an earlier seasonal peak in ovulation rate in ewes and Angora does (64) .
The "ram effect" (117) , combined with progestagen treatment (22) , has also been used to induce early breeding in flocks of ewes during the non-breeding season. Another combination treatment consists of implants of melatonin in conjunction with the "ram effect" (26) .
Postpartum anoestrus frequently is a problem in cows, particularly when suckling calves. It is of major importance because a fertile mating must occur within 80 days of calving if an intercalving interval of 12 months is to be maintained. The situation is exacerbated by prolonged duration of gestation as occurs in Bos indicus. Progestagen treatment alone, or in combination with PMSG, and short-term calf removal have been used to shorten the duration of anoestrus (71, 74, 105, 106) .
The incidence of anoestrus has been related to circulating levels of luteinising hormone (LH) and the administration of gonadotrophin-releasing hormone (GnRH) analogues has been investigated as a means of overcoming this inadequacy. The development of biodegradable implants to administer GnRH over a prolonged period offers a practical method for inducing ovulation in anoestrous sheep and cattle (67) .
Control of oestrus in pigs
In developed countries, economic considerations have resulted in the adoption of intensive systems of pig meat production utilising expensive animal housing and feeding systems. To use these facilities efficiently, it is essential that females are bred in synchrony so that farrowing and rearing pens may be used in an "all in -all out" manner. Thus, there are several scenarios where induction and/or synchronisation of oestrus and ovulation is desirable. These include synchronisation of gilts going into the breeding herd and induction of ovulation in lactating sows and anoestrous sows post-weaning.
Cyclic pigs
Control of oestrus in sows can be achieved by the administration of progestagens, but some orally active progestagens result in cystic follicles and decreased fertility (118) . However, allyl trenbolone given over 14-18 days has proved satisfactory for synchronising oestrus in gilts and sows (46). Martinat-Botte et al. (57) described the use of allyl trenbolone for reproductive management of gilts and for control of oestrus after weaning. When the progestagen is fed to gilts at the rate of 15-20 mg per day for 18 days, most exhibit oestrus 4-8 days after treatment. Oestrus is sufficiently synchronised to give good results from insemination on days 6 and 7 after termination of feeding and without detection of oestrus. However, the optimum time for insemination varies between genotypes. Allyl trenbolone feeding for a short period (3 days) commencing on the day of weaning has also been used to reduce the percentage of sows with delayed post-weaning oestrus.
Induced abortion can be used to synchronise oestrus in gilts about to enter the breeding herd. The porcine CL is sensitive to the luteolytic action of prostaglandin after day 12 of the oestrous cycle and at any stage of gestation. Pregnant females treated with prostaglandins return to fertile oestrus 4 to 10 days after treatment. This response to prostaglandins is the basis of a programme to synchronise oestrus in gilts. Boars are added to a group of gilts for 20 to 30 days and two or more weeks after boar removal the gilts are treated with prostaglandin. Pregnant animals abort and return to oestrus in synchrony (38).
Anoestrous pigs
In most situations, a progestagen does not seem to be necessary for control of ovulation in the pig. In anoestrous and prepubertal gilts, a combination of PMSG (400 IU) and human chorionic gonadotropin (HCG) (200 IU) has been shown to increase the number of animals exhibiting oestrus (13, 99) . HCG may be given with the PMSG or 48-96 hours later.
The use of hormones to induce oestrus during lactation and to promote earlier rebreeding after weaning has been reviewed by Britt et al. (12) . Lactating sows may be induced to ovulate with a satisfactory pregnancy rate by initiating PMSG/HCG treatment at 25 days or more postpartum (41). A dose of 1,500-2,000 IU of PMSG followed by 500-1,000 IU HCG resulted in good fertility when the sows were inseminated 24 and 39 or 42 hours after the HCG without regard to oestrus and the piglets were weaned 8 days after insemination (43). Aso, sows may be treated postweaning to reduce the weaning-to-oestrus interval and to achieve better synchrony. It is recommended that PMSG (1,200 IU) be given on the day after weaning (12) .
INCREASING LITTER SIZE
Cattle are predominantly monotocous animals, and some breeds of sheep (e.g. Merino) have a mean litter size of less than two. Thus, there has been considerable effort devoted to developing techniques to increase litter size in some species and breeds. In sheep there are a number of single genes which directly affect fecundity; these can be exploited to increase litter size. In addition, there is evidence in sheep and cattle that selection for litter size is effective in increasing fecundity (83) . However, the latter procedure is extremely slow because of low heritability. Thus, there is a need in some management systems to increase fecundity or litter size by biotechnical means.
Gonadotrophic stimulation has been explored quite intensively as a means of increasing litter size in both cattle and sheep. In both species, there is a problem related to the variation between animals in the response to exogenous gonadotrophin. Nevertheless, acceptable rates of twinning have been achieved by using gonadotrophins after a short-term progestagen treatment (72) .
Investigations using follicular fluid have led to identification of a role for inhibin in controlling ovulation rate. Immunisation of sheep against inhibin-enriched fractions of bovine follicular fluid resulted in an increase both in ovulation rate and in the number of lambs born (77) . Subsequently, immunisation with recombinant inhibin subunit was shown to increase the number of lambs born. It is anticipated that these findings will lead to a "fecundity vaccine" for use in farm animals (113) .
Twins in cattle may be generated by embryo transfer (36). Twinning rates of over 30% were reported after non-surgical transfer of embryos on day 7 to previously inseminated cows. Recent developments in in vitro fertilisation (52) may eventually provide a source of embryos for obtaining routine twinning by embryo transfer.
Another promising approach is the enhancement of ovulation rate in sheep and cattle by immunisation against steroids (98, 132) . In some instances, worthwhile increases in lambing rates have been obtained (24) , while disappointing results have also been reported (25) .
DIAGNOSIS OF PREGNANCY
The maintenance of non-pregnant females in a breeding herd or flock wastes available nutrients and facilities, particularly as production systems become more intensive. Pregnant animals require levels of nutrition and surveillance related to the stage of gestation and litter size. Thus, an important adjunct to the commercial success of animal production enterprises is the identification of pregnant animals, and in some cases the determination of litter size.
In cattle, pregnancy is commonly diagnosed by rectal palpation to ascertain the presence of a fetus and/or associated structures (133) . This method can be accurate after 35 days of gestation when practised by a skilled technician.
Real-time ultrasonic scanning by transrectal probe can be used to detect pregnancy in cattle (80) as early as 12 to 14 days after conception and in pigs with a high degree of accuracy at 22 to 30 days after conception (58) . In sheep, similar accuracy is obtained with an abdominal probe (120) . In cattle and sheep, multiple pregnancies may be detected by ultrasound scanning, but it is not possible to determine litter size in sows.
Measurement of blood or milk progesterone at the time that it is expected to be at a low level in nonpregnant animals has been developed as a method for diagnosing pregnancy in cattle and pigs. Enzymeimmunoassay techniques which do not require the use of radioactive tracers have been developed for milk samples of cattle (5, 97) and blood samples of pigs (35). The measurement of progesterone levels 22-24 days after natural mating or insemination identifies pregnant animals with acceptable accuracy. The occurrence of persistent corpora lutea in some nonpregnant animals is a source of error. Oestrone sulphate levels increase in the blood of sows early in pregnancy (88); measurement of oestrone sulphate has formed the basis of a pregnancy test in sows 26-29 days after service (96) . Oestrone sulphate may be measured in blood by radioimmunoassay or by enzymeimmunoassay (20) . The level of unconjugated oestrogens in faeces also has reliable diagnostic value but cannot be measured by enzymeimmunoassay.
Pregnancy-specific proteins have been identified in cattle (14) and sheep (135). In cattle, this protein is detectable by radioimmunoassay after the 24th day of pregnancy and its level increases throughout pregnancy, thus providing the basis of a serological test for pregnancy. In sheep, assay of the protein 35 days after the end of the joining period has proved as accurate as real-time ultrasonic scanning (95) .
The method of choice for pregnancy diagnosis in beef cattle is rectal palpation; in dairy cattle, early diagnosis by measuring milk progesterone levels is later confirmed by rectal palpation. In sheep, goats and pigs, real-time ultrasonic scanning is the most commonly used method.
INDUCTION OF PARTURITION
Corticosteroids, oestrogens and PGF-2a have been investigated to determine whether they induce parturition in cattle, sheep and pigs (10, 16, 37, 53, 54, 102) .
Induction of parturition is used extensively in New Zealand dairy cattle because of the seasonal pattern of dairying and the need for the peak of lactation to coincide with maximum pasture availability (53) . In sheep, induced lambing has been suggested as a means of reducing the length of the lambing period in flocks where oestrus is synchronised (86) . By using parturition inhibitors (progestagens and inhibitors of prostaglandin synthesis) followed by parturition induction with prostaglandin, Guthrie (37) was able to restrict farrowing to a 5-day working week and he suggested that, when synchronisation of oestrus and control of parturition are combined, farrowing in a group of sows could be confined to 2-3 days.
PREDETERMINATION OF SEX
Predetermination of the sex of offspring could have a significant impact on livestock breeding and production, particularly in selection programmes where the product (e.g. milk) comes from only one sex. There would also be advantages in the situation where a large number of embryos is needed to establish a herd or flock of specified genotype, as when an exotic breed or species is to be introduced. To be commercially viable, a method of embryo sexing must be highly efficient, simple and cheap. Because there has not been a method for predetermining sex of offspring, animal production and breeding programmes for the exploitation of skewed sex ratios have not been developed.
Basically there are two approaches to predetermining sex of offspring. One is to ensure fertilisation of oocytes by X-bearing or Y-bearing sperm, and a variety of methods have been proposed to segregate spermatozoa according to their X or Y chromosome constitution (2) . X-or Y-bearing sperm enrichment of semen was not conclusively demonstrated experimentally until Johnson et al. (42) showed a highly significant shift from the 50:50 sex ratio of offspring when does were inseminated with rabbit spermatozoa separated according to DNA content with a flow cytometer/cell sorter. This demonstration represents a significant advance. However, the slow rate of sorting, cost of equipment and increased embryo mortality preclude use of the procedure for providing sexed semen for artificial insemination of farm animals by the usual transcervical method. However, enriched sperm might be used effectively to fertilise oocytes in vitro.
The second approach to predetermination of sex of offspring is to select embryos of the required sex at the time of embryo transfer. Several methods have been used experimentally to determine the sex of embryos: identification of embryos carrying H-Y antigen, cytological methods, metabolic activity and DNA probes.
Detection of H-Y antigen on embryos with antibodies conjugated to fluorescein has resulted in success rates of over 80% for cattle and sheep embryos (121, 122) .
Identification of the Barr body has been used to sex rabbit embryos, but in the embryos of most domestic species the granular nature of the cytoplasm makes it difficult to see the Barr body (94) (103) found that only 33% of the embryos could be sexed by this method. Picard et al. (79) were able to sex 60% of the embryos by bisecting the embryo and culturing one half for 4 h. Further development of this method is needed to improve its efficiency and to enhance survival of the remaining half embryo, particularly when frozen.
Metabolic activity may provide a basis for the sexing of embryos (87) as some enzymes are X-chromosome-linked; this may be reflected in the production of higher levels of metabolites, such as CO2 in female embryos prior to X inactivation. Colorimetric assay of the X-linked enzyme, glucose 6-phosphate dehydrogenase has been investigated as a means of sexing mouse embryos (126) .
The isolation of DNA sequences specific to the Y-chromosome provides a very accurate method of sexing embryos. Several Y-chromosome specific DNA probes have recently been reported (8, 50, 59) . Matthews et al. (59) claim that their assay can detect Y-linked DNA repeats in a single Y-chromosome within 3 h. When applied in the field, these methods of embryo sexing have proved to be 95-100% accurate. Bondioli et al. (8) reported over 40% pregnancies from frozen-thawed embryos which had been biopsied for sex determination prior to freezing.
MONOZYGOUS ANIMALS
Small clones, in the form of identical twins and triplets, occur naturally in many mammalian species, albeit at a low incidence, with the exception of the nine-banded armadillo which regularly produces identical quadruplets (78) . In farm animals, identical twins and triplets can be produced by manipulation of embryos. The simplest method to produce identical twins is to bisect morulae or blastocysts and transfer them to synchronous recipients. This technique has been used in cattle (127) , sheep (34), goats (114), horses (1, 104) , and pigs (76) . Blastocysts derived from half embryos are smaller than normal blastocysts but they develop into normal conceptuses. The potential value of monozygotic cattle twins in animal production research has been appreciated for many years, but the scarcity of naturally occurring twins and problems in establishing their homozygosity have militated against their common use in experiments. There is now renewed interest in the use of these animals because they can be produced by simple microsurgery. Biggers (7) has discussed experimental designs for exploiting the uniformity of identical twins and has devised a formula for estimating the number of animals chosen at random that one member of a pair can replace without loss of statistical efficiency. The intraclass correlation coefficients used in this calculation are known for many parameters in natural monozygotic twins but remain to be established for monozygotic twins that have developed in separate recipients.
In cattle, survival of half embryos transferred directly to surrogates is almost as good as survival of whole embryos (128) and 40% in vivo survival of sheep demi-embryos has been reported (101) . Thus the technique has obvious application to commercial embryo transfer. For both commercial and experimental exploitation of this technique, it would be extremely advantageous to have a reliable method of freezing half embryos of farm species. Commercially it would be possible to replace a valuable sire with a younger version when desired, or to sell the latter when its genetic value had been authenticated by its twin. Experimentally, asynchronous identical twins would allow experiments to be conducted in farm animals which now can be done only with isogenic strains of laboratory animals. The grafting of tissues and organs between animals of disparate prenatal and postnatal age should provide interesting clues to the mechanisms controlling growth and development. Embryos divided at the stage suitable for freezing have a low post-thaw viability (49, 101, 115) . The trauma associated with splitting morulae and blastocysts is not compatible with survival in suboptimal systems of cryopreservation. Shelton (unpublished data) has obtained better rates of in vitro survival of sheep demi-embryos by introducing extra steps into the protocol for removal of the cryoprotectant subsequent to thawing. An alternative approach is that of Willadsen (123) , who split precompaction stage sheep embryos and, in the absence of a suitable in vitro culture system, transferred them to an interim recipient from which they were recovered at the blastocyst stage for freezing. Lehn-Jensen and Willadsen (49) also reported successful cryopreservation of cow embryos which had been bisected at day 5 or 6, placed in agar cylinders for culture in sheep oviducts to the blastocyst stage, and frozen while within the agar cylinders. This elaborate procedure does not lend itself well to application in the field. Embedding in agar or alginate also improves the post-thaw survival of demi-embryos produced from blastocysts and morulae and frozen without a period of in vivo culture (Shelton, unpublished data).
NUCLEAR TRANSPLANTATION
Various techniques of nuclear transplantation have been used in attempts to produce clones. Success has been reported in preliminary efforts to adapt nuclear transplant technology to sheep and cattle embryos. Willadsen (124) fused single blastomeres from 8 and 16 cell sheep embryos with halves of unfertilised eggs using Sendai virus or electrofusion (134) . In this manner he obtained lambs from single blastomeres of 8 cell sheep embryos and pregnancies from single blastomeres of 16 cell embryos. He also cultured blastocysts by using blastomeres obtained from cleaving reconstituted embryos. If this procedure can be repeated indefinitely, large-scale cloning of domestic animals will become a reality. Robl et al. (93) reported the transplantation of pronuclei between cow embryos using a method based on the procedure developed by McGrath and Solter (62) . A karyoplast containing the nucleus was fused with the enucleated embryo by electrofusion. A number of these manipulated embryos developed to morulae and blastocysts when incubated in sheep oviducts and one pregnancy was obtained from the transfer of two treated embryos. More recently Bondioli et al. (9) reported the birth of seven calves from a single donor embryo. Thus, cloning from embryonic cells has become a reality and there is a need to develop breeding programmes that will fully exploit clones derived from embryonic cells.
Cloning from adult cells is so far not possible because the differentiation of these cells has proven to be irreversible. Thus, our ability to clone animals is limited at present to small clones derived from microsurgery of embryos or derived, with considerable difficulty, from transplantation of early embryonic nuclei. The value of these clones in practical agriculture is limited because their phenotypes are untested. Nevertheless, cryopreservation of these embryos while identical members of the clone are tested for performance will provide a whole new approach to genetic improvement.
HOMOZYGOUS ANIMALS
Theoretically, homozygous lines of livestock would afford the prospect of maximising heterosis in highly productive hybrid progeny. However, inbreeding experiments have usually resulted in reproductive failure. It is not known whether this outcome can be altered if new procedures are used to increase inbreeding rapidly by embryo manipulation. Markert and Petters (56) produced homozygous mouse embryos by removing the male pronucleus and inhibiting cytoplasmic division with cytochalasin B. None of these embryos developed completely, probably because both paternal and maternal sets of chromosomes are necessary for normal development (63, 110) . Anderegg and Markert (3) had some success in rescuing these homozygous embryos by incorporating them into viable chimeras. It is not known whether this approach would work with livestock species.
CHIMERIC ANIMALS
Chimeric animals are likely to have a major role in genetic engineering of mammals. Their contributions to developmental biology have been thoroughly reviewed by McLaren (65) and Le Douarin and McLaren (48).
Cattle are unique among the farm species in that twin pregnancies usually result in haemopoeitic chimerism. This phenomenon has provided an extremely useful model for elucidating the mechanisms of tolerance and sex differentiation, but is not likely to be of direct value in animal production.
The potential role of whole body and germ cell chimeras in livestock production has been reviewed by Markert (55) . Although sheep (15, 31, 81, 116) , cattle (11, 75, 109) and sheep-goat (32, 84) chimeras have been reported, it is unlikely that chimeras of these species will contribute as much to developmental biology as have mouse chimeras because of the unavailability of isogenic strains with easily usable genetic markers. Eventually, appropriate DNA probes may be available to characterise the genetic composition of tissues and organs of cattle and sheep chimeras so that mechanisms controlling the expression of productive and adaptive characteristics may be studied. This kind of study will help to identify the DNA sequences which code for desirable attributes with a view to using these in gene transfer experiments.
Athough we cannot produce chimeras of predetermined somatic cell composition, it is now possible through the sexing of embryos by DNA probes (59) to construct inter-sex chimeras in which the XY component is of selected genotype. If, as is likely, only XY germ cells of XX-XY chimeras of farm animals can produce spermatozoa (66) , then it is possible to design a chimeric male that has overt characteristics of two genotypes but produces spermatozoa of only one genotype. This situation may be exploited in Bos taurus-Bos indicus chimeras as produced by Munro et al. (75) . It may eventually be possible to design an animal that has the appearance and adaptive characters of one genotype, yet produces spermatozoa of a different genotype. This could be advantageous where a certain phenotype is required for climatic adaptability but offspring of a different phenotype are wanted, as might be the case in a cross breeding programme.
Chimeras may prove useful for introducing foreign genes into livestock. In mice a recent technical innovation is the use of embryonic stem cells to produce transgenic animals (17) . Novel genes are targetted to embryonic stem cells which are then incorporated into chimeras. These then produce offspring carrying the transfected gene. To date, embryonic stem cells are available for mice (29) , hamsters (27) and possibly pigs and cattle (30) . The recent discovery of peptide factors that prevent the differentiation of embryonic cells (125) is cause for renewed optimism that it may be possible to establish embryonic stem cell lines of the common farm animals. These would have the potential to revolutionise the production of transgenic farm animals.
PARTHENOGENESIS
Parthenogenesis would eliminate the dilution of a desirable female genotype by male genes during sexual reproduction, and would be of immense value in hastening genetic improvement of characteristics, such as milk production, which can be measured only in the female. There is a strain of mice (LT/Sv) in which many of the eggs develop spontaneously into early embryos (parthenotes). Furthermore, some species of mammalian eggs can be induced to undergo early parthogenetic development, but these parthenotes never develop to term. They can be rescued if combined with a normal embryo (108) and, in rare cases, the parthenote cells have been progenitors of the germ cell line and have given rise to gametes that were used to produce the next generation. Failure of parthenotes to complete development may be related to the necessity for both paternal and maternal sets of chromosomes in order that normal development may proceed (110) . There is at present no indication that parthenogenesis will be useful in animal breeding.
CONCLUSIONS
Increased understanding of the reproductive physiology of farm animals, through research, has resulted in methods of controlling and regulating many aspects of their reproductive function. We can alter the time of oestrus and the number of ovulations, induce oestrus in the non-breeding season of seasonal breeders and produce progeny of predetermined sex. Still, control of these parameters is much less than perfect as revealed by the variations in response between animals, localities, years and genotypes. Thus, although these techniques are commonly used in more advanced countries, results are not easily predicted with accuracy and disappointments are not uncommon. Because of the increasing cost of maintaining animals in a more populous world, there will be continuing incentive to improve these techniques. In addition, techniques to clone from embryonic cells and possibly from embryonic stem cells of farm animals offer exciting possibilities, which could revolutionise animal breeding. Resumen: La investigación en fisiología y embriología ha servido de base para el desarrollo de tecnologías capaces de aumentar la productividad agropecuaria gracias a un mejor control de la reproducción.
Los progestágenos, solos o combinados con luteolisinas, se emplean para controlar el estro en bovinos, ovinos y porcinos, permitiendo así utilizar mejor la inseminación artificial, posibilitando la sincronización de las receptoras en la transplantación de embriones y facilitando el manejo del ganado. El tratamiento con progestágenos y gonadotropina sérica de yeguas preñadas (GSYP) o con hormona de liberación de la gonadotropina provoca una actividad sexual antes de empezar la época de la reproducción en ovejas y cabras y, en los bovinos, reduce el periodo del anestro postparto. En los cerdos, las gonadotropinas se utilizan para acelerar la pubertad en las cerdas jóvenes, controlar el estro y reducir el intervalo entre el parto y el estro. Los implantes de melatonina aceleran la aparición del celo en ovejas y cabras.
Los resultados del empleo de la GSYP para aumentar el tamaño de las camadas en ovinos y bovinos son limitados debido a la gran variedad de reacciones de los animales. De igual modo, la inmunización contra los esteroides no ha dado resultados concluyentes. En cambio, la inmunización contra la inhibina parece ofrecer la posibilidad de aumentar la fecundidad de los animales. En los bovinos, se puede obtener la inducción de gemelos por transferencia de embriones y los recientes desarrollos permiten pensar que se podrán obtener embriones por fecundación in vitro.
La exploración en tiempo real con scanner de ultrasonidos ha resultado una técnica segura para el diagnòstico de gestación en los pequeños rumiantes y las cerdas. La identificación de proteínas específicas de la gestación en los bovinos y ovinos podría ofrecer una prueba serológica y barata de preñez para estas especies.
Se ha descrito la segregación parcial de espermatozoides en categorías portadoras de componentes X e Y, pero esta técnica todavía no es aplicable a la inseminación artificial convencional. El sexo de los embriones de bovinos y ovinos puede determinarse de manera segura con sondas de ADN específicas para el cromosoma Y.
Gracias a la bisección microquirúrgica de los embriones, se pueden producir gemelos monocigóticos en todas las especies de animales. Las técnicas de clonación en base a células embrionarias se desarrollan rápidamente y es necesario elaborar estrategias destinadas a sacar el mejor provecho de estos clones en programas de mejora genética.
En las especies corrientes de animales, se pueden producir animales quiméricos, lo que desempeñará un papel importante en la ingeniería genética, especialmente cuando se produzcan cepas celulares embrionarias en dichas especies. 
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